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Today,  the  molecular  technique  routinely  for  sex  determination  in  forensics  is  based  the  detection  of 
length  variations  in  the  X-Y  homologous  amelogenin  gene  (AMELX  and  AMELY). 

In  humans,  the  amelogenin  gene  is  a  single-copy  gene  located  on  Xp22.1-Xp22.3  and  Ypll.2;  the 
simultaneous  detection  of  the  X  and  Y  alleles  using  polymerase  chain  reaction  (PCR)  can  lead  to  gender 
determination. 

Several  studies  have  shown  that  normal  males  may  be  typed  as  females  with  this  test:  AMELY 
deletions  may  result  in  no  product  of  amplification  and  normal  males  being  typed  as  female  as  a  result  of 
the  test  (negative  male). 

Considering  the  consequences  of  the  result  obtained  using  only  the  amelogenin  marker,  and  the 
related  potential  difficulties  in  interpreting  the  results,  the  gender  misinterpretation  may  be  troublesome 
in  clinical  practice  and  in  forensic  casework. 

In  this  article,  beginning  with  a  review  of  the  incidence  of  gender-testing  failures  among  different 
populations,  and  with  the  different  strategies  proposed  in  the  literature  in  case  of  doubt  regarding  the 
presence  of  deleted  AMEL  in  the  DNA  profile,  we  propose  a  method  for  the  identification  of  samples  with 
deleted  AMEL  that  can  be  applied,  as  an  additional  assay,  in  case  of  doubt  regarding  PCR  results  of  sex 
determination. 

©  2013  Elsevier  Ltd  and  Faculty  of  Forensic  and  Legal  Medicine.  All  rights  reserved. 


1.  Introduction 

The  human  amelogenin  gene,  sequenced  by  Nakahori  et  al.  in 
1991, 1  which  is  highly  conserved  in  primates,2  is  located  on  both  the 
X  and  Y  chromosomes:  the  AMELX  gene  has  a  size  of  2872  bp  and  is 
located  on  the  p22  region  of  the  X  chromosome,  while  the  AMELY 
gene  has  a  size  of  3272  bp  and  is  located  on  the  llpl2.2  region  of 
the  Y  chromosome. 

Amelogenin  is  a  gene  that  codes  for  a  matrix  protein  forming 
tooth  enamel,  in  which  it  represents  90%  of  the  organic  content.3 

Polymerase  chain  reaction  (PCR)  products  generated  from 
AMELX  and  AMELY  chromosomes  can  be  discriminated  from  one 
another  using  primers  flanking  a  6-base-pair  (bp)  deletion  in  the 
first  intron  of  the  sex  chromosomes.  Sequence  differences  between 

*  Corresponding  author.  Department  of  Molecular  Medicine,  Legal  Medicine 
Section,  University  of  Padova,  Via  Falloppio  50,  35121  Padova,  Italy.  Tel:  +39  049 
8272234;  fax:  +39  049  8272214. 

E-mail  address:  pamela.tozzo@gmail.com  (P.  Tozzo). 


the  X  and  Y  homologues  of  the  amelogenin  gene  have  been  used  to 
differentiate,  in  molecular  analysis,  males  from  females  with 
ambiguous  phenotype,  or  to  establish  the  gender  in  biological- 
material  analysis  for  different  purposes.  Since  both  X-  and  Y-spe- 
cific  fragments  can  be  amplified  in  a  single  reaction,  amplification 
of  the  amelogenin  gene  offers  the  advantage  of  having  an  internal 
positive  control  represented  by  the  X-chromosome  homologous 
fragment  which  should  always  be  present.  The  two  most 
commonly  used  amelogenin  primer  sets  span  a  6-bp  deletion  on 
the  X  chromosome  and  generate  fragments  of  106/112  bp  or  212/ 
218  bp  for  X/Y  products,  respectively.4-5 

Several  companies  manufacture  amelogenin  primer  sets  for  sex 
identification,  as  well  as  multiplex  short  tandem  repeat  (STR)  kits, 
which  contain  primers  specific  for  the  amelogenin  gene,  which 
allows  for  individual  as  well  as  gender  identification. 

In  forensics,  the  use  of  multiplex-PCR  systems  with  additional 
amelogenin  detections  leads  to  sex  determination  of  organic  traces. 
It  is  useful  to  distinguish  between  the  victim  and  the  perpetrator’s 
evidence,  in  case  of  sex  determination  of  remains  in  mass  disasters 
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or  missing  persons’  investigations  and  particularly  in  sexual  assault 
cases.  This  method  of  detection  can  also  help  to  resolve  sample 
mix-ups  and  studies  of  old  bones  which  lack  clear  morphological 
diagnostic  features,  such  as  in  the  case  of  fragmentary  or  juvenile 
skeletal  remains. 

A  particular  situation  which  must  be  highlighted,  involving  both 
forensic  and  clinical  aspects,  is  that  which  occurs  after  successful 
allogenic  bone  marrow  transplantation  in  sex-mismatched  donor- 
recipient  pairs.  The  amelogenin-based  sex  determined  in  the  blood 
samples  (haematopoietic  cell  lines)  of  the  recipient  is  the  same  as 
that  of  the  donor,  but  it  is  different  from  the  sex  determined  in  the 
DNA  obtained  from  the  recipient’s  structural  cells.6 

f.J.  Pitfalls  in  gender  determination:  AMELY  dropout 

Several  studies  in  the  literature  to  date  have  reported  mutations 
in  the  AMELY  homologue  gene  which  can  lead  to  the  typing  of 
males  as  females,  with  noteworthy  consequences  if  used  in  criminal 
investigations  (forensic/rape  cases)  or  in  the  identification  of 
human  remains  after  mass  disasters. 

For  the  first  time  in  scientific  literature  Santos  et  al.  reported 
that  the  amelogenin-based  sex  test  incorrectly  types  some  males  as 
females  because  they  lack  the  AMELY  as  a  result  of  a  deletion.  They 
considered  350  individuals  coming  from  different  countries  and 
reported  two  cases  of  amelogenin-based  sex-test  failure:  they  both 
came  from  Sri  Lanka  (0.6%  frequency  of  sex-test  failures  due  to 
deletion  polymorphisms  in  the  sample).  The  same  authors 
observed  a  deletion  frequency  of  8%  within  their  Sri  Lankan  pop¬ 
ulation  sample  (n  =  24)  suggesting  that  in  some  populations 
the  frequency  of  failure  might  be  higher;  they  proposed  as  the 
mutation  mechanism  a  recombination  between  the  test  is-specific 
Y-encoded  protein  A  (TSPYA)  and  TSPYB  loci.7 

Other  cases  of  AMELY  mutations  have  been  reported8,9  and 
some  authors  have  argued  that  the  AMELY  null  result  might  be 
consequent  to  a  point  mutation  within  the  primer  binding-site 
region,  rather  than  a  deletion  of  the  AMELY  sequence.9,10 

Thangaraj  et  al.  investigated  a  total  of  270  Indian  male  samples 
finding  that  five  individuals  showed  deletion  polymorphisms  of 
about  1  Mb  encompassing  the  AMELY  locus  on  Yp,  defined  through 
Southern  hybridisation,  with  an  observed  amplification  failure 
frequency  of  1.85%.11  Steinlechner  and  collaborators  reported  that 
in  a  population  sample  of  29,432  phenotypic  males  stored  in  the 
Austrian  National  DNA  database,  six  individuals  lacked  the  AMELY 
PCR  amplification,  resulting  in  wrong  gender  determination  with 
an  observed  frequency  of  amelogenin-based  sex-test  failure  of 
0.018%.  In  this  study  the  sex  could  be  correctly  determined  by 
typing  Y-STR  loci  in  five  cases  and  in  one  case  by  typing 
sex-determination  region  Y  (SRY).12 

Chang  et  al.  in  2003  described  a  3.6%  failure  rate  of  the 
amelogenin-based  sex  test  in  an  Indian  population  group  from 
Malaysia  (population  sample  of  338  males,  113  Malays,  113  Chinese 
and  112  Indians)  and  they  found  the  dropout  of  both  AMELY  and 
MSY1  minisatellite  loci,  showing  that  the  deletion  spanned  a  length 
in  the  order  of  probably  several  kb.13  A  bigger  Malaysian  population 
group  (n  =  980,  334  Malays,  331  Chinese  and  315  Indians)  was 
studied  in  2007,  showing  that  both  the  Indians  and  Malays 
exhibited  amelogenin-null  frequency  of  3.2%  and  0.6%,  respectively. 
The  two  studied  groups  identified  a  similar  deletion  region  on  the 
Ypll.2  band  of  at  least  1.13  Mb,  encompassing  the  AMELY  gene, 
MSY1  minisatellite  and  the  DYS458  locus.  The  haplogroup  results 
for  the  Indian  null  results  indicated  an  ancestral  J2e  lineage.14 

As  failure  in  gender  determination  was  found  to  be  particularly 
high  in  males  originating  from  India,  Kashyap  et  al.  analysed  the 
amelogenin  typing  results  of  4257  males  originating  from  different 
regions  of  India  and  included  in  the  DNA  databasing  project.  Among 


these  individuals,  10  confirmed  males  showed  a  dropout  of  the  112- 
bp  AMELY  gene  and  the  overall  failure  rate  was  0.23%.  They  were 
tested  with  alternate  primer  pairs  encompassing  the  previously 
amplified  region  and  they  failed  amplification.  Additional 
analysis  with  male-specific  SRY  loci,  with  four  Y-specific  STR 
polymorphisms  and  Y-single  nucleotide  polymorphisms  (SNPs) 
were  performed  and  the  authors  inferred  that  the  deletion  spanned 
a  region  downstream  of  the  reverse  primer-binding  site  of 
commercially  available  amelogenin  primer  sets.15 

In  2004,  the  Israel  Defence  Force  reported  the  failure  of  an 
amelogenin-based  sex  test  on  a  phenotypically  normal  male 
soldier.16 

Lattanzi  et  al.  described  an  interstitial  deletion  of  the  Y  short 
arm  encompassing  the  AMELY  locus  in  two  cases  of  unrelated  in¬ 
dividuals:  one  case  was  identified  during  the  screening  for  Y 
microdeletions  performed  on  a  sample  of  493  infertile  males  while 
the  second  one  was  found  among  13,000  amniotic  liquid  samples 
from  male  foetus  pregnancies  tested  by  quantitative  fluorescence- 
polymerase  chain  reaction  (QF-PCR)  and  cytogenetic  analysis  for 
prenatal  diagnosis.  In  order  to  estimate  the  extent  of  the  deletion 
on  Yp,  the  researchers  performed  a  pulsed-field  gel  electrophoresis 
(PFGE),  followed  by  fluorescence  in  situ  hybridisation  (FISH)  and 
sequence  tagged  site  (STS)  marker  analysis  and  the  deletion  size 
was  about  2.5  Mb.  An  intact  SRY  locus  was  present  in  both  in¬ 
dividuals  and,  considering  that  the  two  carriers  of  the  deletion  had 
different  Y-STR  haplotypes,  it  was  supposed  that  the  mutation  has 
occurred  independently  or  that  there  has  been  an  old  single 
mutational  event.17 

In  Australia  the  frequency  of  AMELY  amplification  dropout  re¬ 
ported  by  Mitchell  et  al.  was  low  (0.02%)  in  a  population  sample  of 
109,000  males.  The  samples  of  five  AMELY-null  males  (two  of  In¬ 
dian  origin,  one  Italian  and  two  South-Asian)  were  typed  for  eight 
STSs  located  on  Yp  using  PCR  and  gel  electrophoresis  and  also  for  11 
Y-specific  STRs  to  study  haplotypes  for  phylogenetic  analysis.  In  the 
five  samples  two  different-sized  deletions  were  identified  (ranging 
between  304—731  and  712—1001  kb).18 

In  a  sample  population  of  77  males  from  Kathmandu,  Nepal,  five 
null  AMELY  individuals  were  found  (6.49%).  In  this  case  the  deletion 
size  was  estimated  to  be  of  about  2.3  Mb,  through  a  battery  of  male- 
specific  SNPs,  STRs,  STSs  and  minisatellites;  furthermore,  consid¬ 
ering  the  Y-haplogroup  analysis  performed,  all  five  individuals 
were  shown  to  belong  to  the  same  lineage  (J2b2-M241  ).ls  Litera¬ 
ture  data  suggest  a  concentration  of  AMELY-null  individuals  in  the 
Indian  subcontinent,  possibly  as  a  result  of  common  ancestry. 

Jobling  et  al.  analysed  a  total  of  45  AMELY-null  males  from 
different  origins  (among  these,  32  have  already  been  reported  in 
the  literature  by  other  researchers)  and  studied  a  combination  of 
STS  deletion  mapping,  binary-marker  and  Y-haplotyping  and  TSPY 
copy  number  estimation  to  understand  the  structural  basis  of  the 
deletions  involved.  The  authors  reported  four  different  deletion 
classes,  ranging  from  2.5  Mb  to  4.0  Mb,  due  to  a  total  of  10  inde¬ 
pendent  events.20 

Two  cases  of  AMELY  deletion  have  been  reported  in  the  north¬ 
east  Italian  population:  in  the  first  case  an  alleged  father— son  pair 
was  erroneously  typed  as  females.  In  the  second  case  the  AMELY 
deletion  was  found  in  a  sample  of  amniotic  fluid  collected  during 
prenatal  diagnosis  of  a  male  foetus  pregnancy.  The  authors  sug¬ 
gested  a  deletion  range  of  3.35—3.87  Mb  in  the  first  case  and  1.51 — 
2.58  Mb  in  the  second  case,  respectively.  Furthermore,  the  two 
cases  showed  different  haplotypes  and  different  deletion 
breakpoints  21 

In  a  Japanese  casework  involving  two  dead  brothers  and  two  of 
their  male  relatives,  all  four  males  were  lacking  the  amelogenin  Y 
homologue.  Investigation  using  Y-specific  markers  showed  a 
deletion  of  about  2.56  Mb  in  the  Ypll.2  region.22  Thereafter,  the 
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same  research  group  found  another  case  of  a  Japanese  AMELY-null 
male  and  they  performed,  in  both  cases,  the  high-resolution  STS 
mapping  and  the  Y-haplogroup  analysis.  They  argued  a  deletion 
mechanism  of  non-homologous  end-joining,  and  sustained  that  the 
two  deletion  events  had  occurred  independently.23  Another  case  of 
an  amelogenin-null  male  was  reported  in  Japan  and  the  sizes  of  the 
identified  deletions  were  approximately  of  2.51  Mb,  25  kb  and 
834  b  and  the  Y-STR  haplotype  was  different  from  those  previously 
reported  in  the  literature.24 

Considering  the  different  deletion  distribution  among  the  pop¬ 
ulations  reported  in  scientific  literature,  we  can  conclude  that  the 
observed  frequency  of  the  amelogenin  sex-testing  failures  shows  a 
population-specific  difference. 

3.2.  Pitfalls  in  gender  determination:  AMELX  dropout 

While  the  AMELY  deletion  may  lead  to  incorrect  determination 
of  sex,  the  AMELX  deletion  is  less  troublesome  in  amelogenin- 
based  sex  tests:  in  fact,  in  the  case  of  a  true  female  subject  the 
AMELX  deletion  in  one  X  chromosome  remains  undetected,  while 
the  PCR  dropout  of  both  X-homologous  amelogenin  loci  in  a  true 
female  subject  clearly  suggests  that  there  have  been  some  prob¬ 
lems  in  gender  determination  by  using  the  amelogenin  gene, 
because  there  will  be  no  results  in  the  electrophoresis  pattern.  In 
the  case  of  a  true  male  subject  there  will  be  the  only  AMELY  frag¬ 
ment  amplification,  suggesting  the  failure  of  AMELX  amplification. 

The  PCR  drop-out  of  the  X-homologue  of  the  amelogenin  gene 
has  been  reported  rarely  in  the  literature,  often  as  a  consequence  of 
point  mutations  in  PCR  primer  binding  sites.25,26  Caratti  et  al., 
testing  over  43,000  individuals  through  routine  QF-PCR,  observed  a 
single  Caucasian  male  originating  from  northeast  Italy  lacking 
amplification  AMELX  with  normal  genotypes  at  pseudoautosomal 
and  X-chromosomal  STR  loci  27  In  this  case  the  cause  of  the  AMELX 
drop-out  was  identified  in  a  point  mutation  in  the  annealing  region 
of  primers  included  in  the  amplification  kit,  rather  than  a  deletion. 
The  mutation  described  by  Caratti  et  al 27  was  identical  to  that  re¬ 
ported  by  Shadrach  et  al.25  in  a  Caucasian  (a  population  sample  of 
327  individuals  of  unspecified  ethnic  origin  from  the  United  States 
of  America)  and  by  Maciejewska  and  Pawlowski  in  a  Caucasian 
male  (population  sample  of  5534  Polish  males).28 

3.3.  Strategies  to  avoid  misinterpretation  in  case  of  null-AMELY 
(males) 

In  order  to  solve  the  problem  encountered  with  null-AMELY 
males,  in  forensics,  different  approaches  have  been  settled  on  for 
gender  determination/confirmation. 

Haas-Rocholz  and  Weiler  investigated  the  size  of  flanking 
sequences  of  homologous  regions  of  the  AMELX  and  the  AMELY 
gene  for  possible  primers  producing  PCR  fragments  smaller  than 
those  described  by  Sullivan,4  and  they  suggested  primers  AMELU1 
and  AMELD1,  resulting  in  an  80-bp  X-chromosome-specific  and  an 
83-bp  Y-chromosome-specific  fragment.29  However,  for  the  rea¬ 
sons  mentioned  above,  even  with  these  shorter  PCR  products  in  the 
amelogenin-based  sex  test  the  possibility  of  incorrect  gender 
determination  remains. 

Some  studies  have  investigated  the  use  of  genetic  markers  lying 
in  the  SRY  of  the  Y  chromosome  as  additional  singleplex  PCR  first 
and  then  in  combination  with  AMEL  primers,  but  these  procedures 
were  more  lengthy,  more  time  consuming  and  used  up  a  greater 
sample  amount.1 1,20,30 

Nevertheless  this  method,  if  used  as  a  singleplex  of  SRY,  cannot 
accurately  indicate  a  female  genotype  because  the  amplicon  may  be 
absent  due  to  degraded  DNA  in  the  examined  specimen. 


On  the  other  hand,  if  SRY  is  co-amplified  with  AMEL,  it  helps 
detection  of  AMELY-null  samples,  so  some  different  authors  have 
proposed  in  the  literature  different  methods  for  associating  a  Y- 
specific  marker  to  AMEL. 

SRY  is  thought  to  direct  the  sex-determination  pathway  towards 
male  development.  It  has  been  demonstrated31  and  validated32  that 
the  SRY  gene  assay  for  gender  determination  can  be  incorporated 
into  other  STR  analysis  with  commercial  kits  containing  also  AMEL. 
The  advantage  of  this  assay  is  that  the  PCR  product  of  this  novel 
marker  residing  in  the  SRY  gene  is  96  bp  long,  thus  providing  feasible 
gender  determination  when  typing  degraded  forensic  samples. 
Furthermore,  the  SRY  amplification  product  does  not  migrate  with 
any  of  the  AMEL  or  STR  alleles  in  the  multiplex  STR  kits  because  of  its 
short  length;  hence,  it  can  be  included  in  multiplex  kits. 

A  completely  different  approach  is  the  one  proposed  by 
Andreasson  and  Allen,33  in  which  the  sex-determination  test  is 
performed  with  a  real-time  PCR  assay,  based  on  melting-curve 
analysis,  while  an  externally  standardised  kinetic  analysis  allows 
quantification  of  the  nuclear  DNA  copy  number  in  the  sample. 

Morikawa  et  al.  have  developed  a  method  for  sex  determination 
using  a  multiplex  amplification  of  SRY,  STS  (steroid  sulphatase)  and 
amelogenin  gene  regions  and  their  homologous  sequences.  For  this 
method  a  detection  limit  of  63  pg  of  genomic  DNA  was  demon¬ 
strated,  and  the  male  DNA  component  could  be  detected  from 
mixed  samples  with  a  male: female  ratio  as  low  as  1:10.34 

Furthermore,  the  pentanucleotide  microsatellite  DXYS156  maps 
to  the  pseudoautosomal  region  of  both  sex  chromosomes  and  can 
be  used  for  sex  determination.35  DXYS156  is  a  multi-allelic  STR  with 
geographic-specific  allelic  distribution,  helping  not  only  the 
determination  of  sex  but  also  of  the  probable  geographical  origin  of 
an  individual.  The  Y-specific  alleles  can  be  distinguished  from  the 
X-specific  alleles  because  of  an  adenine  insertion  in  the  repeat  units 
of  the  STR.36 

In  this  article  we  propose  a  method  for  the  identification  of 
sample  with  deleted  AMELY  based  on  a  small  polyacrylamide-gel 
electrophoresis  of  a  duplex  PCR  product  which  has  never  been 
used  for  this  purpose  so  far.  These  amplicons  correspond  to  the 
AMEL  gene  and  to  a  197-bp-long  PCR  product  of  the  SRY  gene. 

This  article  shows  that  the  method  can  be  applied,  as  an  addi¬ 
tional  assay,  in  case  of  doubt  regarding  the  presence  of  deleted 
AMELY  in  the  DNA  profile. 

2.  Materials  and  methods 

We  have  studied  a  total  of  52  samples  of  oral  swabs  collected  for 
forensic  caseworks  from  phenotypically  normal  males  and  females, 
unrelated  Caucasian  individuals.  The  oral  swabs  were  irreversibly 
anonymised  (maintaining  only  the  indication  about  the  phenotypic 
sex),  dried  and  then  stored  at  room  temperature. 

The  DNA  was  extracted  using  the  Cst  Forensic  DNA  kit  (Invi- 
trogen,  Carlsbad,  CA,  USA)  following  the  manufacturer’s 
instructions. 

The  sequences  of  primers  used  in  the  single  PCR  reaction  are: 

AMELf:  5'-ATCAGACCTTAAACTGGGAAGCTG-3’ 

AMELr:  5'-CCCTGGGCTCTGTAAAGAATAGTG-3’ 

SRYf:  5'-TCCAGGAGGCACAGAAATTA-3’ 

SRYr:  5'-TCTTGAGTGTGTGGCTTTCG-3' 

The  PCR  reaction  mix  was  constituted  by:  0.4  pM  each  of  AMEL 
primers,  0.6  pM  each  of  SRY  primers,  1.25  U  Taq  polymerase 
(Applied  Biosystems,  Foster  City,  CA,  USA),  0.2  pM  each  deoxy- 
ribonucleotidetriphosphates  (dNTPs),  2.5  pi  lOx  Taq  buffer 
(Applied  Biosystems),  1  pi  BSA  (10  mg  ml-1)  and  10  ng  of  template 
DNA  in  a  final  volume  of  25  pi.  To  verify  the  efficiency  of  the 
amplification,  a  sample  of  human  DNA  has  been  used  as  positive 
control.  Water  instead  of  DNA  was  used  as  negative  PCR  control. 
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After  an  initial  denaturation  step  of  1  min  at  94  °C,  the  samples 
were  amplified  in  an  AB1  2720  Thermal  Cycler,  for  32  cycles  of  20  s 
at  94  °C,  30  s  at  59  °C  and  20  s  at  72  °C,  followed  by  a  final  extension 
step  of  7  min  at  72  °C.  The  15  pi  amplified  products  were  separated 
by  electrophoresis  at  constant  voltage  (200  V)  through  a  12% 
polyacrylamide  non-denaturing  gel  (12  x  10  cm)  submerged  in  lOx 
Tris/borate/ethylene  diamine  tetraacetic  acid  (EDTA)  (TBE)  buffer, 
until  xylene  cyanol  blue  was  at  the  end  of  the  gel.  The  gel  was 
stained  in  ethidium  bromide  solution  (0.5  mg  ml-1)  and  visualised 
under  ultraviolet  (UV)  light. 

3.  Results 

In  this  study  we  have  developed  a  PCR  duplex  for  sex  determi¬ 
nation,  amplifying  the  SRY  and  amelogenin  fragments,  easily  pur¬ 
sued  by  direct  visualisation  on  a  small  polyacrylamide  gel  of  the 
bands  corresponding  to  the  two  respective  amplified  fragments. 

Under  normal  conditions,  as  expected,  the  female  shows  a  band 
of  106  bp  (AMELX)  with  no  band  corresponding  to  SRY  (Fig.  1,  lanes 
1,  2  and  6);  the  male  shows  three  bands  respectively,  106  bp  and 
112  bp  for  AMELX  and  AMELY,  and  197  bp  for  SRY  (Fig.  1,  lanes  3 
and  5). 

In  the  case  of  AMELY  deletion,  the  sample  shows  two  bands: 
106  bp  for  AMELX  and  197  bp  for  SRY  (Fig.  1,  lane  4).  In  the  latter 
AMELY  deletion  implies  that  the  male  has  an  amplified  band  of 
106  bp  (AMELX),  no  band  of  112  bp  and  one  band  of  197  bp 
corresponding  to  the  SRY  marker. 

Our  results  showed  that  one  individual  among  the  53  tested, 
although  a  phenotypically  normal  male,  was  genotyped  as  female 
using  only  the  AMEL  amplification,  as  demonstrated  by  the  absence 
of  the  112-bp  band  and  presence  of  the  106-bp  band.  In  order  to 
determine  if  this  anomaly  was  caused  by  AMELY  deletion  we  assess 
the  sex  genotype  adding  amplification  of  another  Y-specific  marker. 

The  newly  designed  primers  that  amplified  a  197-bp  SRY  frag¬ 
ment  demonstrated  that  the  individual  carried  the  Y  chromosome 
(Fig.  1,  lane  4). 

4.  Discussion 

Genotyping  the  X— Y  homologous  amelogenin  gene  segment  for 
gender  identification  is  widely  used  in  biological  material  analysis 
in  forensic  casework. 

Since  both  X-  and  Y-specific  fragments  can  be  amplified  in  a 
single  reaction,  amplification  of  the  amelogenin  gene  offers  the 
advantage,  compared  to  specific  Y  markers,  of  having  an  internal 


197  bp 


112  bp 
106  bp 

‘  1  2  3  4  5  6 


Fig.  1.  AMEL  (106/112  bp)  +  97  bp  SRY  fragment  from  different  buccal  swabs  samples. 
Lanes  1,  2  and  6  female;  lanes  3  and  5  male;  lane  4  AMELY  deleted. 


positive  control  represented  by  the  X-chromosome  homologous 
fragment  present  in  male  and  female  samples. 

However,  the  fallibility  of  the  amelogenin-based  sex  test  raises 
concern,  as  demonstrated  by  one  of  the  first  publications  on  the 
validity  of  this  test.37 

The  consequences  of  erroneous  gender  determination  may  be 
noteworthy  in  different  fields.  The  observed  amelogenin  sex-test 
failure  rates  in  different  populations  should  be  considered,  and  an 
increasing  contribution  from  population-studies  in  this  field  is  desir¬ 
able.  It  would  be  important  to  know  the  failure  rate  among  different 
ethnic  groups,  including  those  which  have  not  been  studied  to  date. 

We  believe  that  analysis  of  the  new  SRY  197-bp  fragment, 
associated  with  AMEL,  could  be  very  suitable  for  forensic  purposes, 
because  its  small  size  avoids  the  possibility  of  preferential  ampli¬ 
fication  in  the  duplex,  and  it  may  be  useful  in  cases  where  doubtful 
results  of  amelogenin-based  sex  tests  need  confirmation  of  their 
validity. 

Regarding  the  possible  co-amplification  for  the  SRY  marker  in 
concert  with  commercially  available  human  STR  kits,31,32  we 
consider  this  a  valid  option;  however  it  implies  the  adding  of  the 
SRY  primer  set  in  every  amplification,  while  our  method  can  be 
applied  only  when  a  confirmation  is  needed  as  an  adjunct  to 
standard  gender  typing. 

The  pitfalls  in  amelogenin-based  sex  determination  may  be 
overcome  by  adequate  and  common  methodological  approaches 
that  involve  co-amplification  with  other  Y-chromosome  markers. 
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